Adding catalysts to magnetic polyvalent supports facilitating catalyst recycling and recovery seems feasible. Polymer-modified magnetic nanocomposites for organocatalyst immobilization are a plausible approach to this technology. Here, we present facile and efficient method for 2,2 ,6,6 -tetramethylpiperidinyl-1-oxy (TEMPO) immobilization onto polymer-modified magnetic nanoparticles under mild reaction conditions. Poly(acrylic acid) was chosen to graft from magnetic nanoparticle through a simple inverse emulsion polymerization technique. The resulting poly(acrylic acid) magnetic nanocomposite is an ideal material to immobilize the organocatalyst 4-hydroxy-2,2 ,6,6 -tetramethylpiperidinyl-1-oxy (H-TEMPO) via an esterification reaction with pendant carboxyl group on the polymer chain. Instrumental analysis confirmed that poly(acrylic acid) chain was grafted on the silica-coated magnetic particles by this simple method while maintaining their magnetic properties; elemental analysis indicated that TEMPO was efficiently immobilized onto the polymer chain. The catalysis tests under both Anelli and Minisci system showed that the nanocomposite catalyst exhibits proper selectivity and activity for the alcohol/aldehyde transformation. Recycling experiments showed that stability and reusability of the nanocomposite catalyst were satisfying.
Introduction
Green catalysis for synthetic protocols and reactions is a fascinating and a major challenge in sustainable chemistry. There has been an explosion of interest in development of various methods to improve catalyst efficiency [1] . One popular route is to immobilize catalyst to enable the reuse of catalyst and simplify the purification process [2] . Immobilizing catalyst onto different support materials not only improves catalyst productivity but also prevents hazardous catalysts from leaking into the environment [3] .
Recently, different types of catalyst support materials such as polymer supports [4] [5] [6] [7] [8] [9] [10] , ionic liquid supports [10] [11] [12] , inorganic supports [13] [14] [15] [16] [17] [18] , metal organic frame supports [19] , and nanocomposite supports [20] [21] [22] have been invented for immobilizing catalysts on beads, surfaces, and membranes, and so forth [23] . Of these, magnetic iron oxide nanocomposites have been the most widely used support material [2] because they offer enormous surface area with more binding sites; this reduces the disadvantages of heterogeneous catalysis [24] .
Typically, organocatalyst TEMPO can utilize harmless and friendly oxidants [25, 26] such as molecular oxygen, hydrogen peroxide, or air for alcohols/aldehydes or ketones stoichiometric transformation. Immobilizing TEMPO on magnetic nanocomposites heightens catalyst-recycling efficiency; however magnetic nanoparticles are inorganic, and it is challenging to directly immobilize organic catalysts. This can lead to low catalyst loading efficiency. Currently, different methods have been successfully used to immobilize TEMPO on magnetic nanoparticles, such as "click" chemistry [27, 28] , amine reduction [29] [30] [31] , and encapsulation and polymer/ nanoparticle blends [32] . The design and synthesis of magnetic nanoparticles with polymer chains on its surface [33] for specific catalyst immobilization not only improves immobilization efficiency but also avoids the use of potential harmful substances such azides or cyanoborohydrides that are employed in previous works [27] [28] [29] [30] [31] [32] . The polymer chains on the magnetic nanoparticles surface offer pendant functional groups for organocatalyst anchoring reaction.
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Here, we synthesized magnetic iron oxide nanoparticles with surface vinyl groups and employed reverse emulsion polymerization for surface polymerization of acrylic acid on the nanoparticle. This approach combines a poly(acrylic acid) chain grafted from magnetic iron oxide nanoparticles and forms an ideal support material for 4-hydroxy-2,2 ,6,6 -tetramethylpiperidinyl-1-oxy (H-TEMPO). This novel method uses simple approaches and avoids potential harmful substances [27] [28] [29] [30] [31] ; hence it is a facile and green approach to prepare iron oxide-based magnetic nanocomposite materials with efficient immobilization of TEMPO. The product was investigated as catalyst for alcohols/aldehydes or ketone transformation under both the Anelli [34] and Minisci [35] protocols.
Experimental
2.1. Raw Materials. All reagents and solvents were of analytical grade and used as received without further purification unless otherwise noted. The organic catalyst 4-hydroxy-2,2 ,6,6 -tetramethylpiperidinyl-1-oxy (H-TEMPO) and trichlorovinylsilane were purchased from Energy Chemical (China). Dicyclohexylcarbodiimide was purchased from J&K Scientific. Monomer acrylic acid was carefully distilled to remove inhibitor and preserved in refrigerator before use.
Characterization.
Elemental analysis was performed on a CE instruments EA 1110 elemental analyzer. The infrared spectroscopy of all products was recorded in the range 4000-400 cm −1 with Bruker Tensor 27 FT-IR spectrometer. Transmission electron microscopy (JEM 2100) was operated at 200 kV for morphological analysis. Magnetic properties of synthesis materials were studied with vibrating sample magnetometer (9600 VSM, BOJ Electronics, Troy, MI) at RT. Gas chromatography analysis was measured on Agilent GC-MS chromatograph (model type: 7890A-5975C). . Bare iron oxide (Fe 3 O 4 ) nanoparticles were prepared by coprecipitation method with minor modifications [36] . In a typical process, ferric chloride hexahydrate (11.70 g) and ferrous chloride tetrahydrate (4.28 g) were dissolved in 120 mL deionized water at room temperature under nitrogen inert atmosphere with vigorous stirring until the salts were completely dissolved; the temperature was then raised to 60 ∘ C. Next, aqueous ammonia (25%, 80 mL) was quickly poured into the solution and the temperature was increased to 90 ∘ C with continual stirring for 30 minutes with a mechanical stirrer. Bare Fe 3 O 4 nanoparticles were carefully collected with a neodymium magnet and washed with deionized water until they were neutralized.
Preparation of Silica-Coated Magnetite Nanoparticles
Bare Fe 3 O 4 nanoparticles from the previous step were directly suspended in a solution of ethanol and deionized water (V/V = 4/1, 200 mL) and sonicated for 15 min. Next, 5 mL of tetraethoxysilane (TEOS) was added slowly to the mixture and sonicated for 10 min. The reaction mixture was transferred to a single-neck flask equipped with a mechanical stirring device. Aqueous ammonia (25%, 18 mL) was added within 10 min. The mixture reacted at room temperature for 12 h. Iron oxide nanoparticles coated with silica (Fe 3 O 4 @ SiO 2 ) were collected and washed three times with water and ethanol using a neodymium magnet and then dried for 24 hours.
Preparation of Magnetic Nanoparticles Coated with
Vinyl Group (Vinyl-MNPs). Dry Si-Fe 3 O 4 powder (3.0 g) and 6 mL of trichlorovinylsilane were suspended in 150 mL dry toluene under inert atmosphere followed by sonication of the mixture for 30 minutes. The products reacted on a 105 ∘ C oil bath and for 10 hours. The product powder was separated using a neodymium magnet, washed with ethanol three times and dried under vacuum.
Surface Polymerization Acrylic Acid on Vinyl-MNPs to Prepare Poly(acrylic acid)@ SiO 2 @ Fe 3 O 4 (PAA-MNPs).
We prepared a mixture of vinyl-MNPs (0.2 g) and acrylic acid (3.0 g) in a 50 mL beaker followed by 10.0 mL of deionized water. This was sonicated for 20 minutes. The suspension was slowly added dropwise to Span-80 cyclohexane solution (20 g Span-80 in 250 mL cyclohexane) with stirring. This was stirred for another hour to preemulsify under an inert atmosphere. The temperature was adjusted to 60 ∘ C for 15 min, and then the initiator 2,2 -azobisisobutyronitrile (AIBN, 0.1 g) was added. To ensure complete conversion of the monomers, the reaction proceeded for another 4 hours. Methanol was added for demulsification after the reaction was over. The nanocomposite product was refluxed in ethanol for 2 hours before using a neodymium magnet to collect and wash with methanol; the product was then dried under vacuum.
Immobilization of TEMPO on PAA-MNPs Magnetic Nanoparticles (TEMPO-MNPs).
The PAA-MNPs (1 g) and H-TEMPO (2 g) and N,N -dicyclohexylcarbodiimide (DCC, 1.2 equivalent to H-TEMPO) were suspended in dry THF (100 mL). The reaction mixture was refluxed for 8 hours. The target product was collected using a neodymium magnet and washed three times with ethanol and dried under vacuum.
Determination of Catalysis Activity and Recycling Test
General Procedure for Catalysis Activity Test under Minisci Protocol. Alcohol (20 mmol), TEMPO-MNPs powder (200 mg), Mn(NO 3 ) 2 (120 mg, 50% aqueoussolution), Co(NO 3 ) 2 (120 mg, 50% aqueous solution), and 208.3 mg internal standard (acetophenone) in 15 mL of CH 3 COOH were stirred in a twonecked flask at 40 ∘ C. The atmosphere of flask was then replaced with pure oxygen (balloon filled). The resulting suspension was stirred at 50 ∘ C under this normal atmosphere pressure. Samples were regularly removed for GC-MS analysis.
General Procedure for Catalysis Activity Test under Anelli
Protocol. A 25 mL reaction flask was charged with alcohol (20 mmol), 1.0 mL KBr solution (1.0 M) 10 mL dichloromethane, 208.3 mg internal standard (acetophenone), and 150 mg supported TEMPO-MNPs material. The resulting suspension was stirred in an ice-water bath for 10 min before gradual addition of NaClO (0.35 M, pH 8.7, 1.2 eq to alcohols).
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Gas chromatography (GC) results for all catalysis experiments were included in the supporting information (see Supplementary Material pages 1 and 2 available online at https:// doi.org/10.1155/2017/9621635).
Procedure for Catalysis Recycling Property of Supported TEMPO-MNPs Material.
Recycling of supported TEMPOMNPs materials used a Minisci oxidation method without an internal standard. After the oxidation reaction was complete, the TEMPO-MNPs were magnetically separated and washed subsequently with ethyl dichloromethane, acetone, and H 2 O and directly used for subsequent catalysis without further purification. A new reaction was then performed with fresh reactants under the same conditions.
Gas chromatography-mass spectrometry (GC-MS) results of recycling test were included in supporting information (see Supplementary Material page 3).
Results and Discussion
The synthetic route for the nanocomposite materials and TEMPO anchoring procedure are illustrated in Scheme 1.
The key step was polymerizing acrylic acid onto the magnetic particle surface. In the first step, relatively monodisperse bare (Fe 3 O 4 ) nanoparticles were synthesized by coprecipitation of iron (II) and iron (III) salts under basic solution at 90 ∘ C using Huang et al. 's method [36] . There are diverse routes for obtaining magnetic iron oxide particles. The simplest and most efficient chemical pathway is probably coprecipitation. Fortunately, particles prepared by this method contain extra surface hydroxyl (-OH) groups for chemical modification. Tetraethyl orthosilicate (TEOS) was used to coat the bare magnetic particles. The silica shell prevents Fe 3 O 4 nanoparticle self-oxidation and leaching of ferric ions from the material core under severe conditions. The outer layer of the shell also provides many more Si-OH units for derivatization with silane coupling agent [37] . In the third step, the silica-coated Fe 3 O 4 nanoparticles were dispersed in dry toluene and a trichlorovinylsilane mixture solution and vigorously stirred. This resulted in a surface containing vinyl groups. The vinylcoated nanocomposite particles were further modified with acrylic acid via an inverse emulsion polymerization resulting in polymer-magnetic support material (Scheme 2).
Reverse emulsion polymerization takes place in latex particles, in which the surface containing vinyl group nanocomposite particles was confined. Vinyl silane compounds are traditionally used in the coating industry to improve adhesiveness on glass product; hence, surface vinyl groups on nanoparticle surrounded by the monomer could react with radical reactive center to form an acrylic acid polymer chain. Versus bulk polymerization and suspension polymerization, this synthesis procedure can efficiently prevent acrylic acid from crosslinking to form an insoluble magnetized gel. This novel support material has many carboxylic acid groups on the surface because of every side chain of poly(acrylic acid) (PAA) and is well-suited for TEMPO immobilization. The anchoring of TEMPO onto magnetic supports was easily and mildly conducted using N,N -dicyclohexylcarbodiimide (DCC)/4-dimethyl-amino-pyridine (DMAP) and esterification catalysis in tetrahydrofuran solution.
FT-IR Analysis and Elemental Analysis.
FT-IR spectroscopy was used to verify the conversion of organic functional groups on the particle surface. The inorganic nature of the iron oxide nanoparticle changed the polymer's composite nature. FT-IR data at each modification step clearly revealed this shift in the inorganic to organic composite. The FT-IR spectra of PAA/SiO 2 /Fe 3 O 4 ( Figure 1(4) ) showed characteristic saturated hydrocarbons stretching vibration absorption (3000∼2900 cm −1 , C-H stretching) and a band at 1710 cm
(carbonyl). These data confirmed PAA segment bonding to the surface of magnetic nanoparticles. After esterification, the anchoring of TEMPO onto the polymer chains of magnetic supports enhanced the organic absorption peaks. Comparison before and after the anchoring of TEMPO (Figure 1(4, 5) ) shows a red shift in the carboxyl group peak (1710 cm −1 -1718 cm −1 ) further indicating that the TEMPO was successfully immobilized onto the magnetic carrier.
Elemental analysis confirmed TEMPO loading was approximately 2.5 mmol/g (elemental results were provided in Table 1 and catalyst loading was calculated according to nitrogen content). This result also indicated that TEMPO was simply and conveniently attached to the particle surface Recently, Karimi and coworkers showed that TEMPO was linked to the surface of the aminopropyltriethoxysilanemodified magnetic nanoparticles through amide reduction using sodium cyanoborohydrides [29] [30] [31] . Another previously known example reported by Schätz et al. [27] and Tucker-Schwartz and Garrell [28] is through "click" reaction using azide modified nanoparticles with TEMPO derivatives. However, those synthesis procedures require harsh reaction conditions or expensive catalysts. In contrast to the reports, our method requires no unstable azide compounds or toxic cyanoborohydrides substances but also increases catalyst loading to 2.5 mmol/g (0.1 mmol/g in the literature [28] ). Hence, this synthetic route is simple and efficient.
Magnetic Properties and TEM Analysis.
Transmission electron microscopy (TEM) (Figure 2 ) characterization of the magnetic materials indicated that bare nanoparticles were relatively uniform with an average size range of 10∼30 nm. The image also revealed that the Fe 3 O 4 nanoparticles were coated with mesoporous organic compound shells. Roomtemperature magnetization curves (Figure 2(c) ) showed that, after several modifications, the nanoparticle remained superparamagnetic. of alcohol were further investigated along with its recycling efficiency. There are many catalytic systems employing nitroxides as an active catalyst in cooperation with metal or metal-free cocatalysts for alcohol oxidation. They can catalyze alcohols to the corresponding aldehydes/ketones in high yield and with chemoselectivity [34, 35, [38] [39] [40] . For example, Anelli [34] first used TEMPO as a catalyst in cooperation with hypochlorite and bromide for benzyl alcohols selective oxidation. The Anelli protocol proposed by Montanari and Anelli used a two-phase (CH 2 Cl 2 /H 2 O) system and sodium hypochlorite as the oxidant. This convenient approach then uses bromide ion as a cocatalyst for selective oxidation of alcohols. Minisci and coworkers (Minisci protocol) used an environmentally friendly oxidant such as oxygen or air and reported aerobic oxidation catalyzed by TEMPO in cooperation with trace amounts of Mn(NO 3 ) 2 and Co(NO 3 ) 2 in acetic acid solution with excellent conversion and chemoselectivity [34] . Thus, the catalysis procedures based on TEMPO present a practical method for the selective transformation of alcohols to aldehydes/ketones.
Catalyst Activity and Recycling
To determine if the TEMPO-MNPs retained their catalytic activity of small molecular catalysts, we investigated catalysis test under Minisci and Anelli protocols (Table 2) . This approach catalytically transformed alcohols to the corresponding carbonyl compounds (Table 2) using the insoluble magnetically supported TEMPO. Under the Anelli oxidation protocol, primary benzyl alcohols were quickly and efficiently converted into the aromatic aldehydes (5 min) ( Table 2 , entries 1-3). Secondary alcohols can also be transformed to ketones almost as quickly as the benzyl alcohol (entry 4, Table 2 ) with TEMPO catalysis.
Analogously, aldehydes were prepared by the selective transformation of primary alcohols under mild conditions proposed by Minisci; the yield was good. The catalytic activity of supported TEMPO materials combining cocatalysts Mn(II)-Co(II) nitrates was also applied to the aerobic oxidation of alcohols/aldehydes with excellent yields (entries 5-7, Table 2 ). The catalytic oxidation experiments under two wellknown procedures showed that the organic catalyst TEMPO was successfully immobilized on the nanocomposite material while still maintaining good catalytic ability throughout the synthesis process.
Encouraged by these results, we next investigatedTEMPOMNPs recyclability and reusability via oxidation of 4-methoxylbenzyl alcohol under the Montanari oxidation procedure. TEMPO-MNPs (150 mg scale) recyclability was achieved via separation through successive magnetic decantation as shown in Figure 3(a) . After washing thoroughly with CH 2 Cl 2 , acetone, and H 2 O, successively, TEMPO-MNPs continued in the next run. The recycling and reuse demonstrated the efficiency of magnetic separation of the prepared material. The reusability of TEMPO-supported material was illustrated by GC conforming 4-methoxylbenzyl alcohol conversion in the 7th cycle. Oxidation conversion of 7th run was 97% after a reaction time of 5 min and with a selectivity of >96% (Figure 3(b), cycle 7) . GC-MS analysis of the separated supernatant (as shown in Figure 3(a) ) indicated no trace of TEMPO residue during oxidation. TEMPO remained stable under variety of catalytic environments despite being attached to a poly(acrylic acid) chain through an ester bond TEMPO-MNPs.
Conclusion
In conclusion, we developed a novel method to prepare magnetic polymer nanoparticles as an ideal support material for immobilizing organic catalysts 2,2 ,6,6 -tetramethylpiperidinyl-1-oxy (TEMPO). According to characterization results, acrylic acid is efficiently polymerized onto the silicacoated magnetic particles by applying inverse emulsion polymerization, and TEMPO is immobilized onto the particles. The synthesis procedures are simple and facile. They efficiently immobilized TEMPO. TEMPO-MNPs still retained the advantages of magnetic materials (simple separation with no mechanical loss) and showed excellent catalytic capabilities in alcohols for selective oxidation under the Anelli and Minisci procedures. The recyclability study on TEMPO-MNPs shows neither significant loss of activity nor selectivity dropping after 7 consecutive cycles.
Additional Points
Supporting Information. Gas chromatography (GC) and gas chromatography-mass spectrometry (GC-MS) results for catalysis experiments are included in the supporting information.
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